NMR spectroscopic study of cell cultures of astrocytes and neurons exposed to hypoxia: compartmentation of astrocyte metabolism.
Primary cultures of murine cerebral cortical astrocytes or cerebellar granule neurons were exposed to 7 h of hypoxia (3 h in some cases). The culture medium was analyzed at the end of the hypoxic or normoxic period by 1H NMR spectroscopy and intracellular components were analyzed as perchloric acid extracts by 31P and 1H NMR spectroscopy. Lactate production in astrocytes increased only marginally, whereas high energy phosphate concentrations were reduced, during 7 h of hypoxia and after 17 h of reoxygenation. After 3 h of hypoxia full recovery was possible during reoxygenation. Citrate and glutamine secretion was reduced or unchanged, respectively, during 7 h of hypoxia. Succinate secretion was only observed during normoxia, whereas pyruvate was secreted during hypoxia. Cerebellar granule neurons were more efficient in increasing glycolysis and were, therefore, more resistant to the effects of hypoxia than astrocytes. In the neurons lactate production was doubled and no effects on levels of high energy phosphates were seen after 7 h of hypoxia. Astrocytes were reoxygenated for 17 h after hypoxia or normoxia in a medium containing [2-13C]acetate in order to access if astrocytes were still capable of supplying neurons with essential precursors. The media were subsequently analyzed by 13C NMR spectroscopy. After shorter periods of hypoxia (3 h) full recovery was possible. Citrate and glutamine production remained however decreased during reoxygenation after 7 h of hypoxia. 13C incorporation into glutamine was greatly reduced but that into citrate was unchanged. These results suggest that under the present conditions, neurons are more efficient than astrocytes in switching the energy metabolism from aerobic to anaerobic glycolysis and that astrocytes may suffer long term damage to mitochondria from longer periods of hypoxia. Furthermore, evidence is presented for the existence of several TCA cycles within astrocytes based on labeling ratios. During normoxia the labeling ratios in the C-2/C-4 positions in glutamine and in the equivalent positions in citrate were 0.27 and 0.11, respectively.